Abstract: A method of minimizing rankings inconsistency is proposed for a decision-making problem with rankings of alternatives given by multiple decision makers according to multiple criteria. For each criteria, at first, the total inconsistency between the rankings of all alternatives for the group and the ones for every decision maker is defined after the decision maker weights in respect to the criteria are considered. Similarly, the total inconsistency between their final rankings for the group and the ones under every criteria is determined after the criteria weights are taken into account. Then two nonlinear integer programming models minimizing respectively the two total inconsistencies above are developed and then transformed to two dynamic programming models to obtain separately the rankings of all alternatives for the group with respect to each criteria and their final rankings. A supplier selection case illustrated the proposed method, and some discussions on the results verified its effectiveness. This work develops a new measurement of ordinal preferences' inconsistency in multi-criteria group decision-making (MCGDM) and extends the cook-seiford social selection function to MCGDM considering weights of criteria and decision makers and can obtain unique ranking result.
Introduction
Decision-making is the procedure to find the best or most suitable alternatives among a set of feasible alternatives. In most organizations, group problem solving is an important aspect of strategic decisions, for example on supplier selection issues in supply chain management. Decisionmaking in organizations requires the participation of managers from a wide range of departments, with different interests, backgrounds, experience, culture, etc. This diversity, as well as the complexity common to many group interactions, makes group decision-making burdensome. Some important decisions are made by a group of decision makers according to multiple criteria, and they are called multi-criteria group decision-making (MCGDM) problems. For example, multiple criteria including quality, delivery, performance history, warranties, price, technical capability and financial position need to be taken into account simultaneously when selecting suppliers in supply chains [1, 2] . MCGDM often requires the decision makers to provide qualitative/quantitative assessments for determining the performance of each alternative with respect to each criterion, and the relative importance of evaluation criteria with respect to the overall objective of the problems. These problems will usually result in uncertain, imprecise, indefinite and subjective data being present, which makes the decision-making process complex and challenging [3] . Thus, decision makes usually are willing or easy to give his ordinal preferences of alternatives with respect to each criteria.
Some methods were proposed in literature published for the decision-making with ordinal preferences of alternatives [4] [5] [6] [7] [8] . However, all these methods were developed for aggregating individual preferences of alternatives in single criteria setting, or for combining the rankings of the alternatives in respect to each criteria in single-person multi-criteria decision. Two methods combining of TOP-SIS and 0-1 programming is proposed for MCGDM with the rankings of the alternatives given by multiple decision makers according to every criteria [2] . But they may bring out several different results for the same decisionmaking problem. Reference [9] also generalized TOPSIS to MCGDM with ordinal preferences and just considered the overall weights of decision makers. In fact, the authoritativeness and validity of evaluation of alternatives given by different decision makers in respect to the same criteria may be different, for the abilities, knowledges, positions, and familiarities with the decision-making problem of decision makers are different. In other words, the weights of decision makers under each criteria have to be considered respectively. So we have recently developed a minimum deviation method for MCGDM with ordinal preferences and decision maker weights under each criteria [10] . However, we just presented a exhaust algorithm for it, so the method may be impractical to a large-scale problem.
As a good social selection method, [4] first defined a distance function on the set of all preference orders given by multiple decision makers and which was be proved to satisfy certain desirable properties. Then they developed a nonlinear integer programming minimizing the distance between the final rankings of the alternatives and the ones given by all decision makers, and transformed it to an assignment problem to obtain the rankings of the alternatives for the group. However, the method was proposed for group decision in single criteria setting. More importantly, it regarded the sum of the difference of the ranking of every alternative in two preference orders as the distance of the two preference orders and supposed the importance of each decision maker is the same. So the method proposed by Cook and Seiford may yield multiple results for the same decision-making problem. In fact, the Cook-Seiford method can be extended.
Following the ideal of Cook and Seiford, i.e., the aggregation or consensus among a set of preferences is defined to be that set of preferences which is closest, in a minimum distance sense, to voter responses, we propose a novel approach based on dynamic programming to MCGDM with ordinal preferences and thus extends the Cook-Seiford social selection function to MCGDM considering weights of criteria and decision makers with respect to each criteria.
Problem description
Consider an MCGDM with L decision makers, M criteria and N alternatives. 
Now our concern is to obtain the integrated ranking results of all alternatives in the opinion of the decision makers group. For the sake of discussion, we define r G mn as the ranking of alternative A n for the group under criteria C m and r G n as the final ranking of alternative A n for the group.
The proposed method
The ranking result of the alternatives for the group is defined to be one which is closest, in a minimum decision maker-weighted distance sense, to the ones given by all decision makers. Similarly, the integrated ranking result of the alternatives will be obtained when the criteria-weighted distance between it and the ones in respect to every criteria is minimized. Below we first present two new measurements of ordinal preferences' inconsistency in MCGDM with ordinal preferences and decision maker weights under each criteria. Then we shall develop a dynamic programming methodology for it and the method consists of two phases.
Deriving the rankings of the alternatives in respect to each criteria for the group.
Determining the integrated rankings of them for the group. We shall detail them in the following two subsection respectively.
Measurement of ordinal preferences' inconsistency
Cook-Seiford function and our method [10] all first calculate the deviation between two ordering vectors given by different decision makers, and then take decision maker weights into account (the former just assumed the weights of different decision makers were the same) and add up all these deviations to obtain the total inconsistency of the ordinal preferences. Unlike the two methods above, we first consider the decision maker weights and calculate the weighted deviation of the rankings of single alternative (not ordering vector) among all decision makers, then add up the weighted deviations for all alternatives to the total inconsistency. For C m , the decision maker-weighted deviation between the ranking of A n for the group and the ones for all decision makers is defined to be
and thus the total inconsistency between the rankings of all alternatives for the group and the ones for all decision makers is
For the group, similarly, we can define the criteriaweighted deviation between the integrated ranking of A n and the ones in respect to all criteria as
2 and thus the total inconsistency between the rankings of all alternatives and the ones under all criteria is
Calculate the rankings of all alternatives for the group under every criteria
According to the idea above, the ideal ranking result of the alternatives for the group is the one which minimizes the decision maker weighted distance between itself and the ones given by all decision makers. So the ranking of A n for the group under criteria C m (m = 1, 2, . . . , M), r G mn , can be determined by solving the following optimization (1) is the decisionmaker weighted distance between the ranking of all alternatives for the group and for all decision makers with respect to criteria C m . (2) and (3) indicate that each alternative must be ranked at different location from 1 to N . Since the nonlinear integer programming above is hard to solve by traditional approach to nonlinear programming or integer programming, we have to turn to other method. In view of the forms of the optimization model and the characteristics of this problem, we shall develop a dynamic programming algorithm for it as follows.
The problem of calculating the rankings of N alternatives for the group under criteria C m can be divided into N periods, i.e., the object of nth period is to determine r = {1, 2, . . . , N} − C m(n−1) . The state transition equation is C mn = C m(n−1) + u mn . Let f mn (C mn ) be optimal value function which is the minimum of decision maker weighted distance between the rankings of A 1 , A 2 , . . . , A n for the group and for all decision makers under C m when the state variable set at the end of nth period is C mn . So, we can obtain P 1m , the recurrence formula in forward sequence of the dynamic programming, as follows f m0 (C m0 ) = 0
We can solve the dynamic programming to obtain u mn which is exactly r G mn . After calculating all r G mn , we can determine the final rankings of all alternatives for the group by solving the following dynamic programming similarly.
Determine the final rankings of all alternatives for the group
By the same token, the desired integrated ranking result of the alternatives is one which minimizes the distant between itself and the ones in respect to every criteria. So we can obtain the final ranking of A n , r G n , for the group by solving
In the same way, P 2 can be transformed into the following dynamic programming P 2
We can solve P 2 to obtain u n (n = 1, 2, . . . , N) which is exactly r G n .
An illustrative example
Supplier selection is an important issue in supply chain management and in fact it is a typical MCGDM [8, 9] . Below we present a supplier selection example in a hydroelectric project supply chain. Consider a supplier selection committee consisting of 5 decision makers evaluates 5 feasible suppliers according 3 criteria: product quality, price and supply capacity. Without loss of generality and for the sake of comparison on results, we adopt data in [9, 10] The process of obtaining the final of rankings of five suppliers for the committee by this proposed method is as follows.
Calculate the rankings of five suppliers for the committee under every criteria
By solving P 1m (m = 1, 2, 3), at first, we calculate r G mn (n = 1, 2, . . . , 5). We just list the solving process when m = 2 in Table 1 and in which f * 2n (C 2n ) = min C2n f 2n (C 2n ) (n = 1, 2, . . . , 5). The second column in Table 1 says f 21 (C 21 ) reaches its minimum 1.183 when u 21 = 3, and the third column in table indicates f 22 (C 22 ) reaches its minimum 1.958 when u 21 = 3 and u 22 = 2, and so on. So we can obtain r 
Determine the final rankings of five suppliers for the committee
Now we shall determine r G n (n = 1, 2, . . . , 5) by solving P 2 . The solving process is listed in Table 2 
Similarly, the last column in Table 2 indicates f 5 (C 5 ) reaches its minimum 3.287. So we can obtain r
That is to say, the final rankings of all suppliers for the committee is S 2 S 5 S 4 S 1 S 3 . Table 2 The main process of determining the final rankings of all suppliers for the committee
Discussion on the results
To show the effectiveness of this proposed method, we shall compare the results of the same problem in [9, 10] and this paper. The method proposed in [10] first calculated the integrated rankings of all alternatives for each individual decision maker and then determined the final ones for the group. The results of the former step are listed in Table 3 in which r l n (l, n = 1, 2, . . . , 5) is the integrated ranking of S n for D l . The final rankings of five suppliers for the committee can be derived from the data in Table 3 by the method in [9] and the result is S 2 S 5 S 4 S 1 S 3 which is identical with the one by this proposed method.
We list the results of the same problem obtained by [10] in Table 4 again. From the data in Table 4 , we can see that the rankings of all suppliers for the group under every criteria in this paper are the same as in [10] except r G 34 and r G 35 . Obviously, the final rankings of all suppliers for the committee in this paper are identical with the ones in [10] .
The comparisons of the results show the method proposed in this paper is effective. The method in [9] first Table 4 The results of this problem obtained by the method in [10] 1  4  3  4  4  2  2  1  1  1  3  5  4  5  5  4  3  5  2  3  5  1  2  3  2 integrated the rankings of the alternatives under every criteria and then aggregated individual preferences, and the methodology in this paper is just the opposite. Reference [10] first calculated the deviations of ordering vectors and then derived the total inconsistency from the deviations after the weights of criteria or decision makers were considered, but this paper first calculates the weighted deviations of the ranking of every alternative after the weights of criteria or decision makers are taken into account, and then adds up the weighted deviations for every alternative to the total inconsistency. However, this proposed methodology and the ones in [9, 10] are essentially the same and it is this reason that they yield the same results. In fact, the three methods all are based on the distances of ordinal preferences. This paper and [10] minimize both the distance between the group preference and the individual ones and the distance between the integrated rankings of the alternatives and the ones in respect to each criteria and while the ideal in [9] is that the closer the alternative is to the ideal solution and the farther it is from the negative ideal solution, the better it is. In addition, Cook-Seiford social selection function regards the sum of the difference of the ranking of every alternative in two ordering vectors as the distance of the two vectors and supposed the importance of each decision maker is the same. So there may be multiple results for the same decision-making problem by Cook-Seiford method. Unlike it, this proposed methodology defines two new Euclidean distances of ordinal preferences after the weights of criteria and the decision makers with respect to each criteria are taken into account, so it can avoid multiple solutions for the same problem.
Conclusions
In practical MCGDM, decision makers usually are willing or easy to give them ordinal preferences of alternatives under each criteria for the complexity of the decision making problem. In addition, the weights of decision makers under each criteria may be different for some reasons referred above. The desirable rankings of the alternatives for the group should be one which is closest, in a minimum decision maker-weighted distance sense, to the ones given by all decision makers and the ideal integrated rankings of the alternatives will be obtained when the criteria-weighted distance between it and the ones in respect to every criteria is minimized.
Following the straightforward idea above, we have proposed a new measurement of ordinal preferences' inconsistency in MCGDM with ordinal preferences of alternatives and weights of decision makers with respect to each criteria and developed a novel dynamic programming methodology for it. The numerical example has demonstrated the method is practical and the discussions on the results have shown the method is rational. The method presented in this paper extends Cook-Seiford social selection method to MCGDM considering weights of criteria and decision makers under each criteria and can avoid multiple solutions for the same problem. Of course, it can be applied to many other areas of management decision problems and strategy selection problems.
However, we just compared the results by this proposed method and other existing ones for a case to illustrate and analyse the effectiveness and rationality. In fact, the concern about rationality had better be dealt with by stating some properties that one rational method should satisfy and proving that the proposed method satisfies these properties. In view of the purpose of this paper is to develop a new approach to MCGDM with ordinal preferences and extend Cook-Seiford social selection function, the methodology rationality issue will be left for future study. Besides, the performance ratings and the weights of criteria and decision makers may be fuzzy, incomplete or multiple [11] [12] [13] [14] under many conditions and how to generalize the developed approach to these setting needs to be further solved.
